The Nampula Province Water, Sanitation, and Hygiene Program is a partnership among the Government of Mozambique, UNICEF, and the Australian Government focused on achieving the United Nations' Millennium Development Goals for water and sanitation in Mozambique and concentrated on five small towns in Nampula Province. Before implementation of water, sanitation, and hygiene (WASH) interventions in these towns, a baseline survey was carried out in 2012. We show how such a survey can be used to characterize the state of the three WASH sub-themes (water, sanitation, hygiene) pre-intervention, suggest possible new emphases of or modifications to proposed interventions, and inform the design of follow-up surveys to best gauge the impact of the interventions.
INTRODUCTION
The United Nations' Millennium Development Goals The JMP estimates show a clear disparity between urban and rural areas in terms of access to improved water and sanitation. However, it is unclear whether peri-urban areas more closely reflect urban areas or rural areas in terms of water and sanitation access, and it is within this context that the Nampula Province Water, Sanitation, and Hygiene with the express intention of accelerating gains towards the MDGs for water and sanitation in Mozambique. It aims to do this through an integrated approach among the three WASH sub-themes (water, sanitation, hygiene), consisting of the interventions briefly described in Table 1 . The periurban environment means a greater emphasis on WASH interventions suited for an urban environment, so the rehabilitation of existing piped water supply and expansion of piped services (including promotion of household connections) is deemed important, as are solid and liquid waste removal services and hygiene promotion advocating soap use.
Although water infrastructure will be owned by the government, the program advocates the decentralization of operations and maintenance (O&M) to the municipal level with O&M to be carried out by the private sector on a concession, lease, or contract basis. For sanitation and hygiene interventions, the Participation and Community Education (PEC) Zonal approach will be modified in consultation with local non-governmental organizations (NGOs) for a peri-urban environment. PEC Zonal is a widely used approach in rural Mozambique that is geographically focused and implemented by NGOs. These NGOs are contracted for periods of two years and paid on a quarterly basis based on achievement of pre-specified outcomes (e.g., communities achieving open defecation free status). The five target towns largely fall along the Nacala corridor, a burgeoning export route for the extractive industries extending from the Port of Nacala, through Nampula Province and Malawi, and into the coal-exporting Province of Tete. Growth in towns along this corridor is creating both pressures upon current infrastructure and additional delays in delivery of proposed infrastructure because of increased demand. Higher gross domestic product, as well as royalties and taxes from the extractives industry, are potentially a source of funding to deal with this increased demand and to address current deficits, and the NAMWASH Program • Sustainable management of water supply through tariff setting and revenue collection, water safety plans, and reinvestment strategies for water revenue.
Sanitation and Hygiene
• Development of sanitation master plans with an emphasis on sustainability and both solid and liquid waste management.
• Sanitation and hygiene promotion through PEC Zonal approach.
Capacity building • Capacity building for local and district authorities for their engagement with water and sanitation users in water and sanitation management.
Schools
• Construction or improvement of school water supply facilities, latrines/urinals, and handwashing facilities.
• School hygiene promotion activities using a combination of sports-learn hygiene, participatory hygiene and sanitation transformation, and community-led total sanitation with the intention of children being agents for transfer of knowledge and behavior change in the household.
has been designed to investigate the feasibility of such interventions to provide evidence in support of advocacy for scaling up the NAMWASH approach.
Current interventions are projected to impact the following numbers of residents:
1. Water interventions -20,000 people for each of Ribaue and Mecuburi, 25,000 people for Rapale, 40,000 people for Monapo, 45,000 people for Namialo.
2. Sanitation and hygiene interventions -10,000 people for each target town.
School interventions will be carried out in each of these target towns.
This paper presents selected results from the baseline study in order to characterize the state of the three WASH sub-themes (water, sanitation, hygiene) pre-intervention.
We use these results to highlight some areas of emphasis as well as modifications to the proposed interventions that are worth considering. Finally, we provide recommendations for the design of follow-up surveys to best gauge the impact of the interventions.
METHODS

Study design and sampling
The baseline study for the NAMWASH program was set up to be an easily replicated study that could monitor the effi- an adult at the household and in that adult's native language/ dialect. Primary water sources nominated by sampled households were included in a water point survey, and a random selection of households and water points nominated by those households were also subjected to water quality testing.
The water point survey was administered to an appropriate official with oversight of a given water source, and water quality testing included measuring both microbiological (thermotolerant coliforms) and physicochemical (turbidity, pH) parameters. The school survey sampled a total of 40 schools across the seven towns, 30 of which were from target towns. Further details of the sampling methodology are provided by WE Consult (), the firm that was contracted by UNICEF to carry out the survey.
In total, the baseline study took 5 weeks to complete 
Statistical methods
The correct statistical analysis of survey data similar to that contained in the NAMWASH baseline study requires that we take into account the study design. Although exact cluster sizes were not known for the household survey, these were based on enumeration areas, so we assumed that they were of roughly the same size, producing a probability proportional to size sample (Lohr ). In the case of the school survey, the exact number of schools in each town is known, so we were able to post-stratify on town to produce differential sample weights for schools based on the town in which they are located. Sample weights could not be incorporated for either the water point survey or the water quality data, as the number of unique water points in each town was not known, nor did we know the number of households being serviced by individual water points. Consequently, analyses based on the water point survey and water quality measurements assumed simple random sampling.
All analyses were carried out in R (R Core Team ), and analyses of the household and school survey data utilized the 'survey' package (Lumley , ) . This package includes functionality to obtain correct point estimates and standard errors using the Horvitz-Thompson estimator and corresponding variance (Horvitz & Thompson ) . It also contains sample survey method extensions of a variety of common statistical methods including t-tests, chi-square tests, and generalized linear models, all of which were used in our analyses. We also made use of the 'censReg' package (Henningsen ) for censored regression models for analyses based on thermotolerant coliform colony-forming units (CFUs) per 100 mL, as CFU measurements were both right-and left-censored.
When presenting point estimates, whether means or proportions/percentages, these are presented with 95%
confidence intervals immediately following in parentheses.
RESULTS AND DISCUSSION
Water sources
At present, it is estimated that only 47.1% (45.6%, 48.7%) of households in target towns use improved water sources, which include piped water sources (household taps, yard taps, or public taps), boreholes, and protected wells, and only 8.1% (6.5%, 9.6%) use piped water sources. A separate willingness-to-pay study carried out by UNICEF Mozambique in Ribaue showed that the most preferred piped sources were public taps (48%) followed by yard taps (25%), and household connection (22%) with 84% of respondents being willing to pay for access to piped water (UNICEF Mozambique ). However, the overwhelming majority has implications that extend to hygiene, as we discuss later.
A greater presence of improved water sources should lead to an overall improvement in water quality. Water quality data were available for 65 unique water sources across the seven towns, and a total of 74 complete paired household-water source water quality measurements were available for analysis. In assessing the water quality at the source (note that in the case of piped water sources, measurements at the 'source' refer to measurements taken at the point of collection), we had to account for some water sources being sampled multiple times, and we opted to use every unique set of water quality measurements for a water source in our analyses. This approach ignored the inherent dependence in multiple measurements on the same water source, but it was able to account for the variability in water quality measurements from the same source.
Note that the use of a censored regression model due to leftand right-censoring of some CFU measurements prevented us from considering standard repeated measures analyses.
Using all unique sets of measurements for each water source, we found improved water sources to have significantly lower thermotolerant coliform CFUs (1.00, (0.50, 34.25) (here, we present medians along with the first and third quartile due to censoring of observations and skewness in distributions) than unimproved water sources (33.00, While there is strong evidence that water quality is better for improved water sources, this does not guarantee that those using improved water sources ultimately have better water quality at the home (CFUs increased to 20.50 (0.50, 101.00) (we note that a value of 101 corresponds to a rightcensored observation; in other words, the number of CFUs is at least 101, but the exact value is not known) for improved sources and 65.50 (3.25, 101.00) for unimproved), as evidenced in Table 2 . If there is in fact no real difference in water quality at the home for those using improved and unimproved water sources, then it suggests that either those using improved water sources compromise that quality in transit to or at the home, or those using unimproved water sources take extra measures to improve the water quality at the home.
The lack of a significant difference in water quality at the home for those using improved water sources and those using unimproved water sources is almost certainly not due to increased diligence in treating water on the part of those using unimproved sources, as there is not a significant difference in water treatment rates for those using improved water sources and those using unimproved water sources. More likely, the lack of a difference in water quality at the home is due to contamination of the water from improved sources in transit to the home due to the storage container not being properly cleaned. Even though an estimated 93.4% (92.2%, 94.8%) Linear regression of log-transformed water consumption on water source type, distance to water source, and sex of the head of household.
Likelihood ratio test p-value < 0.001 corresponding to water source type.
2. Those using piped water sources spend less time collecting water.
Pairwise t-tests of time spent collecting water for piped, other improved, and unimproved sources.
Water collection times are less for piped water sources than both unimproved sources (t ¼ À4.711, p-value < 0.001) and other improved water sources (t ¼ À4.891, p-value < 0.001).
3. Greater use of improved water sources should lead to better water quality at the source.
Censored regression of log-transformed CFUs at the source on dummy variable indicating whether the water source is improved.
Coefficient for dummy variable is highly significant and negative (β ¼ À3.878, p-value ¼ 0.0001), corresponding to better water quality for improved sources.
4. Use of improved water sources need not lead to better water quality at the home.
Censored regression of log-transformed CFUs at the home on dummy variable indicating whether the water source is improved. Those using latrines tend to either cover a full pit and move the location of the latrine (48.6% (45.6%, 51.8%)) or have never needed to fill in the pit (50.5% (47.4%, 53.6%)). Only one household reported having their pit emptied. This was not surprising after examining the layouts of these towns, as there appeared to be ample room for households to relocate latrines. Consequently, although liquid waste removal services may become a pressing need as these towns continue to grow, the current lack of demand would make it difficult to convince residents of their need at present. This would suggest that emphasis on construction of improved latrines for those currently using unimproved latrines or openly defecating would be a much more prudent use of resources than advocacy for liquid waste removal services.
As was observed with improved water sources, schools are more likely to have improved latrines with an estimated 80.3% (65.8%, 89.6%) of schools in target towns having functioning latrines (all of which were observed to be in use), of which 72.1% (60.6%, 81.3%) are improved latrines.
Approximately 90.0% (83.5%, 94.8%) of schools with functioning improved latrines have separate facilities for boys and girls. In spite of this, girls are far less likely to use the latrines at schools (see Table 3 ). This could be due to a 
Hygiene
The lack of improved latrines in the home and the lack of cleanliness of latrines at schools highlights the need for good hygiene practices, and this appears to be an area where great strides can (and need) to be made in these towns. In examining households, interviewers found handwashing stations in only 17.5% (15.5%, 19.7%) of households, and soap/ash were available at only 41.5%
(35.0%, 48.3%) of such handwashing stations. The presence of handwashing stations in the household as well as availability of water and soap/ash were related to socioeconomic status, the education level of the head of household, and the age of the head of household, as shown in Logistic regression of use of an improved latrine on socio-economic status, sex of the head of household, level of education of the head of household, whether the head of household is under 20 years of age, and whether the household has a disabled person.
Significant positive association between use of an improved latrine and both socioeconomic status and level of education (likelihood ratio p-value < 0.001 for each).
2. Girls are less likely than boys to use latrines at school.
Logistic regression of usage of latrines at school on sex and school.
The coefficient for sex is β ¼ À1.01 with pvalue ¼ 0.019, meaning that the odds of a girl using a latrine at school is approximately 2.74 times less than that of a boy for a given school.
The combination of not using soap/ash, failing to wash hands at key times, and using a shared bucket is cause for concern in terms of not only health but also basic hygiene knowledge. We would expect that, at minimum, most children would have this knowledge, as an Separate logistic regressions of the availability of water and the availability of soap/ash on the type of water source, socio-economic status, level of education of the head of household, sex of the head of household, and whether the head of household is younger than 20.
Level of education is positively associated with availability of both water and ash/ soap at handwashing stations (likelihood ratio p-values of 0.002 and 0.013, respectively), and socio-economic status and age of the head of household are positively associated with availability of ash/soap ( p-values of 0.025 and 0.011, respectively).
outcomes for the NAMWASH Program) lead to better hygiene and, consequently, health outcomes. In particular, piped water at the household leads to an increase in washing hands at key moments for young mothers, including an approximate two-fold increase in the odds of a primary caretaker washing hands after cleaning children's feces and a similar increase in the odds of immediately washing soiled linen (Curtis et al. ) . This signals a shift in the likelihood of individuals to wash their hands at key points due to the greater abundance of water. Additionally, piped water at the household allows for greater use of running water when washing hands, avoiding the previously highlighted issue with using a shared bucket or bowl.
Bearing all of this in mind, it is vital that hygiene become a focal point of proposed interventions for these towns to the same extent as improved water and sanitation measures. Although school programs are important, it is worth re-examining how effective children are as agents of change for the family as a whole, and it is important that school hygiene programs be paired with community hygiene programs that present the same hygiene messages to adults.
Hygiene promotion messages must highlight the need to use soap for handwashing at a variety of key times (e.g., not only after cleaning feces but also before feeding children or eating) because of its health ramifications, and these messages should incorporate habit-forming activities where possible (especially for children through school programs)
to be most effective. Positive messages about the importance of cleanliness and the economic benefits of liberal soap use, particularly as it relates to reduced incidence of diarrhea, could also be effective. Finally, the links between water supply and hygiene suggest that the success of hygiene interventions may in part be determined by water supply interventions, and we would advocate a focus on piped water supply, particularly household connections.
Incidence of diarrhea
Ultimately, the introduction of WASH interventions in Nampula Province aims to improve the health of its residents, and one key way in which we would expect it to do this is in reducing incidence of diarrhea and other waterborne diseases. Respondents in the household survey reported incidence of diarrhea (defined as three or more loose or liquid stools per day) in the preceding 2 weeks for all members of the household, producing an estimated incidence of 2.4% (2.0%, 2.8%) across all ages and 8.5% (6.7%, 10.6%) for children under the age of five.
To see whether or not current WASH conditions could be used to predict expected changes in diarrhea incidence by the NAMWASH intervention over the five target towns, we examined incidence of diarrhea for individuals in the those accessing an improved water source, using an improved latrine, and having a handwashing station in the home being 'more' likely to have reported incidence of diarrhea than those not fitting these three criteria. Note that this counterintuitive result is almost certainly due to the small number of individuals fitting these three criteria relative to other categories, meaning that even small changes in reported incidence of diarrhea for members of this category could lead to drastic changes in results.
A complicating factor in both of these models was that the observed incidence of diarrhea was very low overall. may unnecessarily force a decision by the respondent that may be prone to bias (Schmidt et al. ) . This may also explain, in part, the low reported incidence.
CONCLUSIONS
The NAMWASH baseline study highlights not only the need for but also anticipated benefits of the proposed interventions.
The low level of use of improved latrines is more closely in line with what would be expected for rural rather than urban Mozambique, while the level of use of improved water sources in NAMWASH towns is more similar to urban centers. However, we note that the higher level of use of improved waters sources is due primarily to boreholes and not piped water supply. Interventions leading to increased access to piped water and improved sanitation are important, given the anticipated growth and subsequent urbanization in these towns.
Although a WTP survey carried out in Ribaue suggests a preference for public taps, we would advocate for household connections in light of other studies which highlight not only the economic advantages but also the hygiene and health benefits afforded by piped water at the home. Uptake of piped water will almost certainly rely on an initial subsidy scheme as well as promotion messages that clearly relay the benefits of piped water, including increased water consumption, less time spent collecting water, and lower incidence of water-borne diseases due to both improved water quality and better hygiene practices afforded by running water or increased water collection capability.
The currently proposed planning surrounding solid and liquid waste removal services is prudent, but it is worth recon- 
